Abstract PURPOSE: To estimate the likelihood of axillary lymph node involvement for patients with early-stage breast cancer, based on a variety of clinical and pathological factors. METHODS: A retrospective analysis was done in hospital databases from 1999 to 2007. Two hundred thirty-nine patients were diagnosed with early-stage breast cancer. Predictive factors, such as patient age, tumor size, lymphovascular invasion, histological grade and immunohistochemical subtype were analyzed to identify variables that may be associated with axillary lymph node metastasis. RESULTS: Patients with tumors that are negative for estrogen receptor, progesterone receptor, and HER2 had approximately a 90% lower chance of developing lymph node metastasis than those with luminal A tumors (e.g., ER + and/or PR + and HER2 -) -Odds Ratio: 0.11; 95% confidence interval: 0.01-0.88; p=0.01. Furthermore, the risk for lymph node metastasis of luminal A tumors seemed to decrease as patient age increased, and it was directly correlated with tumor size. CONCLUSION: The molecular classification of early-stage breast cancer using immunohistochemistry may help predicting the probability of developing axillary lymph node metastasis. Further studies are needed to optimize predictions for nodal involvement, with the aim of aiding the decision-making process for breast cancer treatment.
Introduction
The surgical treatment of breast cancer has evolved substantially over the past few decades. Extensive surgical resection gave rise to a more conservative approach. To determine whether breast cancer dissemination has occurred in patients with a clinically node-negative axilla, sentinel lymph node biopsies (SLNBs) are currently the standard technique. The SLNB is associated with lower rates of morbidity and lymphedema compared to axillary lymph node dissection (ALND) [1] [2] [3] [4] . However, it is still an invasive procedure and morbidity, including pain, paraesthesia and lymphedema, of such technique exists 1, [3] [4] [5] [6] . Around 65 to 70% of all SLNBs are negative 7 , and their removal has not been shown to provide any significant survival benefit 8 . Moreover, the impact of prognostic information about axillary lymph node status on the decision-making process regarding breast cancer treatment is currently considered less important than it was previously. In addition, adjuvant treatment is increasingly being recommended to women with negative nodes to breast cancer, thus treatments are more tailored towards the biological features of each disease 9 . Moreover, in more than half of all cases involving sentinel lymph nodes (SLNs), axillary clearance fails to reveal any other metastatic lymph nodes present 7, 10 . Furthermore, in a randomized study by the American College of Surgeons' Oncology Group (the Z0011 trial) 10 , it was demonstrated that ALND can be omitted for patients who have clinical T1/T2 breast cancer with up to two positive SLNs, and who are treated with breast-conserving surgery, whole breast irradiation, and adjuvant systemic treatment. Thus, this recent data raises doubts on the role of SNLB itself and makes us consider if we can safely omit SLNB in selected cases 11, 12 . Therefore, prognostic tools are needed to predict which patients have a higher risk of nodal involvement and which ones can be spared of an unnecessary axillary surgery.
To date, a variety of clinical and pathological factors has been identified as independent predictors of axillary lymph node involvement for patients with early-stage breast cancer. These include clinical palpability [13] [14] [15] [16] [17] , tumor size 7, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] 24 , lymphovascular invasion (LVI) 7, [13] [14] [15] [16] [17] [18] 20, 22, 23 , tumor grade 13, 16, 17, 21 , tumor multifocality 7, 20 , tumor location 20, 22 , and patient age 14, [18] [19] [20] [21] . More recently, the gene expression profile of invasive breast carcinoma has also been considered in the determination of prognosis for early-stage breast cancer patients 25, 26 . While these types of data confirm that breast cancer is a heterogeneous disease, hierarchical clustering of complex gene expression patterns have also identified three types of breast carcinoma: luminal-like, basal-like, and HER2-like 27, 28 . In a study conducted by Nielsen et al. 29 , these molecular subtypes were found using immunohistochemistry (IHC), and the results were linked to prognosis. Thus, breast cancer subtypes may provide another predictive criterion for lymph node metastases.
Ideally, a predictor of axillary lymph node metastasis should be highly accurate, easily reproducible, cost-effective, and induce minimal, if any, damage or side effects on patients. The known methods for predicting lymph node involvement in breast cancer include: axillary dissection, sentinel node biopsy, clinical assessment, and evaluation of imaging methods. For the present study, the aim was to estimate the likelihood of axillary lymph node involvement for patients with early-stage breast cancer, based on a variety of clinical and pathological factors. In particular, breast cancer immunohistochemical subtypes were analyzed.
Methods

Study subjects
This retrospective, cross-sectional study analyzed the medical records of patients of any ages diagnosed with non-metastatic invasive breast cancer, who were treated between 1999 and 2007 at the breast cancer unit in the Discipline of Gynecology, Hospital das Clínicas, School of Medicine, Universidade de São Paulo. A single pathologist monitored all histopathological studies.
These patients underwent surgery in order that the invasive ductal carcinomas of less than 5 cm in diameter, as measured by caliper, were surgically excised. Axillary lymph node staging was achieved through ALND or SLNB. Patients negative for SLN metastasis who did not undergo axillary dissection were considered without lymph node metastasis. Both pregnant women and patients undergoing neoadjuvant treatment (e.g., chemotherapy, hormone therapy, or radiotherapy) were excluded. All patients without completed records, and for whom a histopathological review was not possible, were also excluded.
The following factors were examined with regard to their potential to predict axillary lymph node involvement: patient age, tumor size, LVI, estrogen receptor (ER), progesterone receptor (PR), and HER2 status. These patients were further subdivided into age as follows: <40 years, 40-55 years, and >55 years. In addition, patients were divided into two groups according to the clinical T stage of their tumor at diagnosis: 0-2 cm (T1) and 2-5 cm (T2).
Histopathological analysis
All specimens obtained during breast resections and axillary lymphadenectomies were paraffin-embedded for histopathological analysis. 
Statistical analysis
In order to evaluate the presence of metastases in the axilla as to clinical and prognostic factors, the absolute and relative frequencies, chi-square test, or likelihood ratios and calculated Odds Ratios (OR) were determined, using a 95% confidence interval (CI) as a measure of association.
Associations between variables of interest and metastasis were separately analyzed for each subtype based on IHC results. Neither a likelihood ratio test nor Fisher's exact test were applied. The tests were performed using a significance level of 5%.
Ethical aspects
The Research Ethics Committee of School of Medicine, University of São Paulo, approved the study. The study was conducted based on the guidelines of the National Health Council on "research ethics" published in 1966, and according to Resolution CNS 196/96, "Guidelines and Standards for Research involving Human Beings," which repealed the previous resolution.
Results
For this cohort, 163/239 (68.2%) patients were diagnosed with negative axillary metastasis, while 76/239 (31.8%) patients were positive. Patient and tumor characteristics, based on the axillary lymph node status, are presented in Table 1 . These cases were also divided into subtypes according to the IHC results obtained. A higher prevalence of luminal A and B subtypes was seen, followed by triple-negative and HER2 subtypes (Figure 1) .
Immunohistochemical subtype, tumor size and LVI were the only factors significantly associated with lymph node status (Table 1) . Moreover, patients with triplenegative tumors had approximately a 90% lower chance of developing lymph node metastasis compared to those with luminal A tumors (OR=0.11; 95%CI 0.01-0.88; p=0.01). In contrast, T2 tumors had a 143% higher chance of axillary lymph node metastasis compared to T1 tumors (OR=2.43; 95%CI 1.38-4.29; p=0.002). Information about LVI was available for 204 of the 239 patients and was also a strong predictive factor for axillary lymph node involvement (OR=4.84; 95%CI 2.56-9.17; p<0.001).
Subtypes as defined by immunohistochemistry were also stratified according to patient age and tumor size in order to verify if there was a significant correlation between these factors and lymph node status (Tables 2 and 3 ). For luminal A tumors, the risk for lymph node metastasis was found to decrease with age from youngest to oldest (p<0.05), with patients younger than 40 years presenting the highest risk of metastasis (50.0%) and patients older than 55 years, the lowest (32.1%). Moreover, the rate of lymph node involvement for the luminal A subtype was found directly correlated with tumor size. For example, 25% of tumors of less than 2 cm in diameter were followed by lymph node metastasis, while 48.3% of tumors with diameters ranging from 2 cm to 5 cm were joined by lymph node metastasis (p<0.05).
In contrast, stratification of the other immunohistochemical subtypes according to patient's age and tumor size could not find any significant associations with an increased risk of axillary lymph node metastasis. Overall, molecular subtype luminal A, larger tumors, younger patient's age and the presence of LVI were identified as predictors of axillary lymph node metastasis. However, these associations were not seen in patients with triple-negative tumors, where the possibility of lymph node metastasis remained very low, regardless of patient's age and tumor size.
Discussion
Results of this study show that the division of breast cancers into immunohistochemistry subtypes carries predictive information for the presence of axillary lymph node involvement at diagnosis. In particular, patients with triple-negative tumors had the lowest incidence of axillary lymph node metastasis, regardless of patient's age or tumor size. In comparison, another study analyzed a microarray of 4,444 early-stage breast cancer tissues, and the risk of lymph node involvement for patients with a basal phenotype was almost half that of patients with a luminal subtype 17 . Results of the present study also demonstrate that the risk for lymph node metastasis of luminal A tumors decreases with patient's age from youngest to oldest, and is directly correlated with tumor size. In another study, in which tumors were also analyzed according to molecular subtype, a very specific correlation pattern between tumor size and the probability of a positive SLNB was observed 30 . Furthermore, tumor size was found to be a major determinant of axillary metastasis development in HER2 positive and ER positive (either HER2 negative or positive) subgroups. Other authors have also demonstrated a higher risk of lymph node metastasis in patients with HER2 overexpression 31, 32 . The present study did not find this correlation, which can be explained by the small number of patients with HER2+.
Bevilacqua et al. 20 developed a nomogram to predict the presence of SLN metastasis using an area under the curve (AUC) value of 0.754 as a cutoff point. The clinicopathological characteristics used to generate the nomogram were tumor type, size and location, as well as patient's age, LVI, multi-focality, nuclear grade, ER status, and PR status. Our study, as numerous others 7, [13] [14] [15] [16] [17] [18] 20, 22, 23, 30 , have also demonstrated that LVI is a powerful predictor of axillary metastasis. However, from a patient's management perspective, pathological information on LVI is available only after a surgical procedure has been performed. It should also be noted that the nomogram cited earlier did not use molecular subtype classification 20 , and this has been shown to be of value in predicting axillary lymph node status 17, 21, 23, 30, 33, 34 . In the present study, axillary metastases were not detected in 68.2% of the examined patients. Correspondingly, for these cases, SLNBs did not provide any additional information regarding the need for adjuvant treatment and may lead to some morbidity 1, [3] [4] [5] [6] . It is conceivable that an analysis of the primary tumor, rather than the axillary lymph nodes, may provide better guidance for adjuvant treatments. Furthermore, advances in the prognostic tools that provide clinical, pathological, and molecular information may eventually facilitate the identification of patients with a very low risk of axillary lymph node There are some limitations in the present study. Firstly, our report based the axillary lymph node status on results from a mixture of complete axillary node dissection and sentinel lymph node procedure. However, it has been previously shown that predictors for axillary lymph node involvement are independent of how the lymph node resection was performed 7 . Secondly, another weakness may be that we concentrated the prediction mostly on immunohistochemical subtypes that do not have a perfect classification with several overlaps across the different subtypes. A positive point of our study is that only one pathologist confirmed the analysis for ER, PR and HER2. Furthermore, we defined HER2 positive according to the membrane staining when there was not either a DAKO score 3+ or 2+ with a positive FISH test.
Molecular classification of early-stage breast cancer by IHC may aid predictions of axillary lymph node metastasis. The present results indicate that younger patients (e.g., <40 years) with larger, luminal A subtype tumors and the presence of LVI have the highest likelihood of lymph node involvement. Conversely, a triple-negative subtype is predictive of a lower incidence of axillary lymph node metastasis. Further studies are needed to optimize predictions of nodal involvement, which improve the decision-making process for breast cancer treatment. Moreover, these predictions need to involve a stratification of patients according to those who would benefit from a nonsurgical approach to axilla treatment.
